Traditionally, D-transposition of the great arteries has been detected prenatally by showing parallel outflow tracts on the short-axis view ( Figure 1a ) and abnormal arch anatomy with the aorta arising anteriorly with the emanating neck vessels (Figure 1b ). More recently, additional methods have been described to improve the detection rate. These include depicting the following: (1) the pulmonary artery arising from the left ventricle (ie, the "bird's beak sign" (Figure 1c ) 10 ; (2) an abnormal 3-vessel view with disruption of the linear architecture of the 3 vessels at the level of the pulmonary bifurcation (Figure 1d ) 11 ; and (3) an abnormal 3-vessel and trachea view (Figure 2b) .
The normal architecture of the 3-vessel and trachea view was described by Yagel et al 12 13 found that D-transposition of the great arteries could be identified at the level of the 3-vessel and trachea view by a single anteriorly displaced aorta and nonvisualization of the normal "V" relationship of the Figure 1 . a, Abnormal crossing with a parallel anterior aorta and pulmonary artery on a short-axis view of the outflow tracts. b, Anterior aorta with the emanating neck vessels on a long-axis view of the fetal heart. c, Bird's beak sign (arrow), representing the bifurcating pulmonary artery branches arising from the left ventricle. d, Abnormal alignment of the major vessels on the 3-vessel view at the level of the pulmonary bifurcation. Ao indicates aorta; LV, left ventricle; Pa, pulmonary artery; Rt, right; and SVC, superior vena cava.
aorta and the ductal arch. This finding was confirmed in series of 5 and later 30 fetuses with D-transposition and was named the "I-sign" (Figure 2b ). 14, 15 However, all Dtransposition cases included in the latter large series had been diagnosed previously and were presenting for a second opinion. Therefore, the purpose of this study was to examine how often the I-sign was shown prenatally in patients with D-transposition of the great arteries in a large single institution.
Materials and Methods
A review of all cases of D-transposition of the great arteries diagnosed antenatally at our institution between November 2007 and May 2014 was performed. The number of deliveries during this time was approximately 70,000. Patients were identified from a database that includes all neonates with congenital heart defects diagnosed prenatally. This database was compared to the surgical database of all children who had surgery for D-transposition of the great arteries at Lurie Children's Hospital in Chicago to ascertain whether children who had D-transposition and had received sonograms in our laboratory were not ascertained prenatally. Fetuses with L-transposition and a doubleoutlet right ventricle with malposed great vessels were excluded. Information was collected regarding gestational age at the time of the diagnosis, karyotype results, presence of additional cardiac and extracardiac anomalies, and pregnancy outcomes. Approval for this study was obtained from the Northwestern University Institutional Review Board. Informed consent was obtained from all women for storage of digital video clips and still images, as well as for data collection and pregnancy outcomes.
All women in this series had a diagnosis of suspected conotruncal defects on their initial anatomic surveys. Routine anatomic surveys, including outflow tract views, are performed at our institution between 18 and 22 weeks. The short-axis view of the right ventricle, obtained by rotating the transducer to the left fetal shoulder, is the standard right ventricular outflow view tract used on routine examinations at our institution; targeted sonographic examinations add the crossing, aortic arch, and superior and inferior vena cava views. The 3-vessel view at the level of the pulmonary bifurcation was added to both examinations in 2010. All patients with suspected cardiac anomalies are referred to a pediatric cardiologist, who performs a fetal echocardiographic examination based on the guidelines of the American Society of Echocardiography. 16 An image of the 3-vessel and trachea view has been part of the pediatric cardiologist's standard examination since 2007.
Results
A total of 24 fetuses received antenatal sonograms in our laboratory and had a diagnosis of D-transposition of the great arteries prenatally. Thirteen were identified on level I examinations and 7 on level II examinations, and 4 were referred from an outside institution. Of the 24 diagnoses of D-transposition of the great arteries, 22 neonates were delivered in our institution, and their diagnoses were confirmed postnatally. One pregnancy was terminated, and autopsy results confirmed the diagnosis of D-transposition. One neonate delivered at an outside hospital, and the final postnatal diagnosis remained unknown. During the study period, there were no cases of a child born at our institution with D-transposition who had been scanned in our laboratory but did not have a prenatal diagnosis.
Antenatal diagnoses of D-transposition were made between 18 and 26 weeks' gestation ( Table 1) . Nine of 24 patients (38%) pursued karyotype testing, the results of which were normal in all cases. Four patients (17%) underwent cell-free fetal DNA testing, which was risk reducing. Most of the D-transposition cases were isolated anomalies ( Table 1 ). The 3-vessel and trachea view was obtained in 22 fetuses, all of whom (ie, 100%) had an anteriorly displaced aortic arch in a shape of an I' (Figure 2b and Videos 1 and 2). In the remaining 2 patients, the 3-vessel and trachea view could not be obtained; in 1 case, the inability was due to a fetal "back-up" position, and the other had a flexed fetal head and shadowing of the mediastinum.
Discussion
In this series, we found that the 3-vessel and trachea view, when visualized, was abnormal in 100% of fetuses with Dtransposition of the great arteries. Moreover, this view could be seen reliably, as shown by its visualization in 92% of examinations. The views were abnormal due to the displacement of the aorta anteriorly and to the right. Thus, instead of the normal V sign (which represents the tops of the ducal arch and transverse aorta), a prominent, anteriorly displaced aorta was noted. This anatomic placement results in the appearance of an I, which has been observed in earlier studies as well. [13] [14] [15] 
Palatnik et al-"I-Sign" for Diagnosis of D-Transposition of the Great Arteries
D-Transposition of the great arteries is one type of congenital heart disease that has low prevalence of extracardiac defects and chromosomal abnormalities. Longterm survival after surgical repair is excellent, with greater than 95% survival after 20 years following an arterial switch operation. 17, 18 Among our patients, only 1 chose to undergo termination of pregnancy. That pregnancy was complicated by the additional finding of fetal growth restriction. For ongoing pregnancies, the importance of prenatal diagnosis with regard to the neonatal outcome has been demonstrated in the past. 3 Antenatal detection allows for delivery at a tertiary center, with timely administration of prostaglandin infusion and performance of balloon atrial septostomy if needed. However, antenatal detection rates for D-transposition of the great arteries remain poor. [4] [5] [6] [7] In 2013, the American Institute of Ultrasound in Medicine and additional organizations (ie, Society of Maternal-Fetal Medicine and Society of Radiologists in Ultrasound) adopted the mandatory requirement for visualization of outflow tracts during basic fetal cardiac sonography; however, future studies will be needed to see whether national detection rates for conotruncal defects, including D-transposition of the great arteries, are improving. 19 Different scanning methods and scanning modalities have been proposed to be included in the fetal cardiac survey to increase the detection rate of D-transposition of the great arteries. The lack of crossing of the major cardiac outflow tract vessels as a sign of transposition was described by Chaoui and McEwing 13 and Morelli et al. 20 An abnormal 5-chamber view, with visualization of a bifurcating pulmonary artery arising from the left ventricle, was demonstrated in 8 of 8 fetuses with D-transposition by Viñals et al. 21 McGahan et al 10 described a method of tracing the pulmonary artery to its bifurcation; those with D-transposition had the shape of a bird's beak in this view. Additionally, both 3-and 4-dimensional sonography have been used in screening for conotruncal defects, including D-transposition of the great arteries. [22] [23] [24] [25] Compared to the techniques described above, the potential advantage of the 3-vessel and trachea view is that it is simpler to teach than rotation of the transducer toward the axilla or semicoronal rocking, which is necessary to obtain the outflow tract views. Yagel et al 12 demonstrated that the 3-vessel and trachea view can be obtained in 97% of patients in less than 10 minutes of scanning. Recently, a new technique using 3-dimensional imaging was described for obtaining the 3-vessel and trachea view in 84% of the fetuses between 19 and 25 weeks' gestation. 26 The 3-vessel and trachea view has also been included in the slices seen in the semiautomated volume computer-aided diagnosis approach used by Abuhamad et al. 27, 28 A tomographic approach to examination of the fetal heart can be applied to traditional 2-dimensional imaging, as well as 3-and 4-dimensional volumes (Figure 3 ). Adding the 3-vessel and trachea view to the 4-chamber view has been reported by Wu et al 29 to have greater than 81% sensitivity for detection of congenital heart diseases.
The 3-vessel and trachea view is currently a part of the sweep recommended in the 2013 International Society of Ultrasound in Obstetrics and Gynecology guidelines 30 but not the American Institute of Ultrasound in Medicine guidelines to screen for congenital heart disease. The sweep includes the 4-chamber view, 5-chamber view, right ventricular outflow tract view, and 3-vessel and trachea view. The retrospective design of this series did not allow us to compare the sensitivity for detection of D-transposition of the great arteries of the right outflow tract to the 3-vessel and trachea view. In laboratories that perform the right and left outflow tract views well, the major benefit of the 3-vessel and trachea view is likely to be in the identification of right-sided aortic arches and not an improved sensitivity for conotruncal defects. In laboratories that do not perform outflow tract views, the sweep technique advocated by the International Society of Ultrasound in Obstetrics and Gynecology, including the 3-vessel and trachea view, could potentially improve national detection rates for major congenital heart disease. When the technology is improved, computer-assisted automated fetal heart screening using this technique may become a good option.
Although the focus of this article has been Dtransposition of the great arteries, the I-sign may be useful in screening for any conotruncal defect in which the arch is not visualized or is substantially narrowed. 14, 29 These include a truncus arteriosus, tetralogy of Fallot, an interrupted aortic arch, and severe isolated aortic or pulmonic stenosis. In D-transposition of the great arteries, the size of the single vessel seen in the 3-vessel and trachea view will be close to normal, whereas in other congenital heart diseases with the I-sign, the single vessel in the 3-vessel and trachea view will be enlarged.
The major strength of this study is that it is one of the larger case series of D-transposition of the great arteries diagnosed prenatally in the literature. Postnatal confirmation of D-transposition arteries was available in 23 of 24 cases. Also, this population was largely not a referral population but one in which most sonographic examinations were done for low-risk women receiving prenatal care at our institution. To our knowledge, since outflow tracts became part of the standard examination, no case of Dtransposition of the great arteries has been missed. Indeed, the estimated frequency of D-transposition was 3.4 per 10,000, which is consistent with the reported prevalence in the population. Nevertheless, we cannot know with certainty that a case of D-transposition was missed in a neonate if the patient did not deliver at our facility.
In conclusion, in this large series, we demonstrated that the I-sign with an abnormal 3-vessel and trachea view is present in a high percentage of fetuses with D-transposition of the great arteries. We believe that this view is easily taught, is quick to perform, and could potentially aid greatly in the prenatal diagnosis of this heretofore difficult-to-antenatally diagnose form of congenital heart disease.
